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/Rostract by the authox/

In section 1 we determine the temperature dependence of thermel capacity, vie~
coalty and thermoconduetivity of He3. In section 2 we expound the influence of oX=
change effects produced by tho nuelear spin of He3 atome on the phase trensition of
the liquid He3 into solid state. The heat of fusion of Hn3 at low temperatures
should be negative and equal =Reln2s The possitility ,in principle, to obtain teme
peratures of the order of 10‘6 to 10~7° during adigbatic solidification of liquid
H03 48 indicated, Some peculiarities of nucloar magnetic susceptibility are ex-

plained,
B od s 9k e b

Mext]

1, THERMAL CAPACITY, YTSCOSITY AND THERMAL CONDUCTIVITY OF
3
He

Tt was recently established that liquid He3, unlike liquid Hol‘, pussesses no
puperfluidity down to the tenpersture of 1,05°K /1 7+ This result makes probable
the assumption that He3 does not reveal superfluldity at any temperatures. In the
cage of Heh, Bose=Einstein statistics contribute to superfluidity [' 2_7. But if
we consider a gas sufficlently rarefied and subject to Fermi-Dirac statistics, then
we may explain by the methods of perturbation theory the effect of interacting atoms
on the properties of such a gas, The theory of perturbations appears to be appli=
cable in the case of gufficiently low gas densities and in the case of short acting
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forees, Such computations do not revesl any superflulditys In eimilar conditione &
Bege gas in seme eases reveals superfluidity [ 2_7. Therefore there are some reasons
to consider liquid He® nonweuperfluid. The energy of the exdited state of Hed for
small exolting energles represonts the sum of cnergles of elementary excltations of
nquagi=particles" [ 3_7. 1t ie natural to congider ouch excitatione a8 obeying Fermie
Dirac otatistics, because in this case such excitations of the whole syeten pase in
a continuous way into exolted states in the sense of a progressive motion of separate
atoms of Hed , during the transition from liquid to gas. The properties of exoitation
of oonducting electrons within metals lead to the same coneiderations of exocitations
as in liquid Ha3. As is known, the eleotron heat capacity in metale and a number of
other properties correspond to Fermi=Dirac statistios of exoitatione. (The existence
of superfluldity is duo to some small effects not accounted for in the rough model of
Formi=Dirac. The emallness of these effects appears in the low temperatures at which
the superfluldity appears, low in cemparison with npatural! electron temperatures
having the order of magnitude of degeneration of electronss)

one cage /7L 7 is knowm, where the exoitation of the system of interacting elec=
trons obey Bose statistlea. This case corrBsponds to gtates that differ 1ittle from
the "zero! state in which all electron spins are oriented in one direction, Such &
ngepo! state is a "singular point," and therefore excitations in the vieinity of
guch & state also possess exceptional propertiess In the cagse of liquid He3, as well
as in the case of nonferrous metals in the nonwsuperconducting gtate, the lowest
ngero! etate is characterized only by lowest energy and nothing else, (In the case
of ferromagnetism it is characterized by & still higher magnetic moment). Because
the wavelength of He3 atoms is of the order of their mutual distance, the interac=
tion of H93 atoms does not depénd on the'&utual orientation of nuclear sping (the
nuclear spin of He3 equals 1/2) L 5_7. Therefore the essential role in 1iquid Hed
is played by exchange effects, connected with the exchange of two He3 atoms., It is

-2‘
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easy to ohow that these exchangs effects probebly lead to & predominantly antiparallel
orientation of adjacent nuclear opindj thus 1iquid Hed is not & nuelear fervomagnetic,
but represents &n example of & nualear exchange para.magnat!.c, gimilar to an electronic
exchange pn.ramagnotic of the solid oxygen types Tndeed, in the case of two He3 atome
having parallel gping, the ceordinate part of the wave runntioriahould pe antisymme=
grical relative to the permutation of two atoms. Therefore it cannot contaln the
funotion Se Under these conditions the probabllity of smell Aigtance_s between the
He3 atoms L& not much probable in comparison with the oase where the coordinate part
of the wave funotion of two atoms may contain ghe 3 function 1,e,, when the sping
are antiparallel. If we ‘take inte account the rapid decrcace in negotive attraction
batween two atoms He3 with inorease of their mutual distance, wa ceme £o the conclu=
sion that the energy of two Ho3 atoms will be lower in the caso where they can
rathey approach each othory 1eey) in the case of antiparallel orientation of adjacent
spins. Although in thigs case we are discuasing small distances between atoms, they
are however groater than rg, where To is the distance &b which intensive repulsion
begins. This limitation holds well in the case of 1iquid He3, beocouse the average
distance between atoms 15 & geveral times greabter than rye This ia just the reason
for the existence of iquid He3 in which the atoms on the average aroc attracted to
each other. Therefore we have no reasons Yo consider 1iquid Hed a nuclear ferro~
magnetic. Hence we may assume that near the zere state of He3 tho statistico of ex=
oitations coincides with the statistics of atomse

Using the Fermi=Dirac distribution for axelbed stabes, we mey caeily derive &
number of econclusions concerning some properties of liquid Has. The Fermi surface
in the conaldered case consiabs of 8 gphere of radius P, where P, ig of the order of
o magnd tude (31‘12)1/ 3 'th/ 3 (N s the number of atoms per om3j it was taken into
account here that the nuclear spin of He3 equals 1/2.) At Lemperatures amall in
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comparison with the temperature of dogeneration, exoitations will have momenta ap=
proaching Pe in magnitude. Expanding the exeitation energy ¢ in & erice in pow=
ers of (p = Pg)s We obtain

6 = v|p =Pl ()

Because ab a temparature T the main role pelonge %o exfitations ab which ¢ ~T)
and the number of sueh oxoltations (per om3) equals 2R/ ﬁ2ﬁ3~ p§£/ﬁ3v~p§’£/’ﬂ3v,
then the energy per om3 of He? depdnds on the temperature in the following way!

u= Y + (1/2)::.'22 (2)
sy pd /My o~ 72 ()

Relations (1) and (2) are correct ot temperatures gufficiently emall in comparison
with the yemperatufle Ty of degeneration of excitations. This temperature is of the
order of magnitude 594

1y~ Po2/2m ~ (3-2)%/ 3252 /3 /om ~ 5°

Ascording to expression (2) the neat capacity of He3 appears to be proporbional to

temperaturet

6= al 1& 1, (L)

This conclusion enables us exporimentally 4o directly check the Fermi character of
the energy spectrum. 14 15 easy to establish the tLemperature dependence of some
kinetic characteristics of He3. For this purpose let us determine the length of free
path of oxoitations, The fyes path of excitations is terminated by mabual collislonss

The amount of excitations per omd is of the order of magnitude of Ni

1 ~ Po2h F/YJ ~ DRI ~ /7, & N (5)

al=
BT e g
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pesause 8 KN even colligions are the mest probables For each collisien of two
exoltements, poth BLALES obtained after collisions ghould have momenta near Poe
This decreases the offective crons=section of sush collieion, pecause the probablle
ity of collisions is propoﬂ;ional to the number of poss‘ib’.‘.e final states. The

murber of gtates aftor collision equals

al K2 dx do po2ds d0 &2 (6)
A hy TP Se= b)Y

% is the momentum of oné porticle aftor collision, and d0 io an element of the solid
ongle ohamcteruing the direction of propaga.tion of the partiale. During integré=
tion, over a¢d0, 8 faotor propor’oional to temperature appearse Hence the offective
oross=agction ¢~ for the collision of two excibements appears 4o be of the order of

T (7

G“‘: ();._—-"
To

where ¢, has 8d order of magnitude of the gas kinetic croasesection ('.1.0"""5 ome)e

By combining (5) and (7) we £ind the 1ength of free path of the excitement
1 T, 2
A gt () ®

a rosuld obtained previously during discussion of free path of clectrons in metals,
due o snteraction of eleobrons [5s l_l] (see also A 8]).

The found 1ength of frec path allows one o egtablish the temperature dependence
of the viscosity of 13quid He3, because a2l icinébio.f)roperhies of Ho3 may be found in
a dlscussion of 8 gas of excibations with properties deseribed in pelations (1) o

(8), Becouse "{‘l = ﬂﬂm-v, then by gubstibuting (8) we find

1 T A
- —
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The viseosity of liquid He3 chould be inversely proportional to the square of the
temperature at T <& Tqe
with help of (8) and (L) we obtain the thermal conductivity of liquid Hedy

K =_fov=B/0 (200

The thermal conductivity of liquid He3 gshould be inversely proportional to the
absolute temperature at T4 Tge

The formulas (L), (9) and (10) enable us to experimentally check the expounded
theory, We chould remark once more that in the derivation of relations (L), (9), and
(1) we did not use the model of an ideal gas in the application to ximxx He® atoms,

2, INFLUENCE OF EXCHANGE EFTECTS IN LIQUID He3 ON PHASE
TRANSITION OF LIQUID He3 TO SOLID He3

Athough as of now solid He has not yet been obtained, it is doubtleas that,
under & pressure of the same odder as that in the case of Heh, liquid He3 will sol=
idify, The reason for solidification under strong pressure consista in the fact
that with decreasing voluem (under action of applied preasure) the ratio of ampli-
tude of zero oseillations to interatomic distance decreases. If ab low ppessures
(large volumes) this ratio in the case of liquid Hau and He? appears to be of the m
order of unity (which hinders solidification) then with decrease of wvolume this
ratio becomes gmaller than unity, and therefore the.formation of orystals becomes

[ Cintroduced by L D:Landa) et us compare the ampitude ef fere esellations)
possible, In-order to prové the above expounded coneideratior:;A'\)/Th’?mw with the
inter-atomic distance bs By (0 we shofild understand some average frequency connected

to the potentisl energy of interaction of two atoms in the following way:

n wa ~ (dau/dre )!’ =%
Assuming u == & /rf, where n~ 6«8 /79 7, we obtain

—6:-
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Tt 48 easy to show that the phase transitions liquid Hed -= golid He3 should
reveal some gpecial peculiarities produced by exchange effects of He> atoms in the
liquid state. For the clarification of these peowliaritles, let us compare the on=
tropy S of the liquid and solid phases in He3. In the liquid state, S tends to zero
aa temperature drops to zero. If the Fermi~Dirac distribution of exoltations is
correct, then § should be proportional to T [IQ7. We should, however, note that the
matter of what kind of funotion § in 1iquid state is of T is not essential for fure
thor disoussion. The only impertant fact ig the decrease of § with decreasing T.

Tt 18 almo important to emphasize hore that that part of § produced by nuclear spins
also drops. In the case of the absence of exchange effects due to nuclear spin, the
spins of nuclei would be free in spatial orientation down to temperatures go low
that the magnetic interactlon of nuclear sping with each other would become essenw
tial, These temperatures have a magnitude of the order of 1CW7°1

2
Ty o e ~ 10770, U ~ 10723 (11)
kb3 !

Tnorefore in the case of the absence of exchange effects at T2> Ty, & term
equal to Reln2 (per grameatom) would make up part of S. Exchange effects cause the
appearance of & correlation among the orientations of spins of adjacent He3 nuclei
already at temperatures of the order of degreesjy L.e., 'natural! helium temperatures.
This concludion follows from the fact that the difference in energy of interaction of
two Hed atoms in the case of parallel or antiparallel orientation of spins is of the

same order as the energy of interactlon itself (see section 1)s In this case it is

u?-
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of no importence whether Ha3 ig & liquid exchange nuclear paramagnetie or ferremagnetic.
The chayaster of correlation in these two 0asee ig different, but the very existance of

correlation should ogour in each of these cafed at T é 30, It follews frem this that

e e e < e

the part of § produced by nuelear cpine drops to values smaller than Reln2 already at

T .6 1°, Because entropy not bound to nuslear spin aleo drope, then already at < l°‘m
the whole entropy of liqudd He3 should drep to values pelow Redn2. Lot us now compare %
this entropy with the entropy of solid Hel, The existence of & erystelline lattice, E
4n which the amplitude of zero oscillations is much omaller than the interatomic dio= i
tance, leads either to the vaniehing of effects connaoted with exchange of two atena, )
or to congiderable deecrease of such effecta, Therofore in solid He3 nuclear epina

ghould have free orientation up to T~ Ty Therefore the entropy of solid Ho3 pos=

gegses & part equal to Relng, &£ T >> 10~T¢, Decause the part of § due to oscillae

tione is proportional to 73 and is of the order of magnitude of (12‘/5)11“!2@/6)3 (o 3.30°),
the entire entropy of solid He3 ot T -S 10 gppears to be constant and equal to Relnd,

(NOTE: @ of Liquid Hel oquals 300 /BF 117; € of ooldd Hed must be of the pame oxder

of magnitude,) Only in the case of T £ Ty does tho magnetic intoraction of nuclear

gpins in the cryatal decrease § rapldly to zero at T< Tye An example of the depon=

We see that, ab temperabures T guch thab
19-7°~ TM<< TN ~ 19,

the entropy of solid He3 appears to be higher than in the 1iquid phase; Le6e, iv

i
!
|
E
i
1
!
|
dence of § on T in two phases of He3 ig ropresented in figare 1, Note that T1~1°. ‘|
{
|
l
l
!
|
brings about & correlation, as epposite to wsuale. Therefore during an igothermel \

transition of solid He3 to liquid He3 heat should not be absorbed but emitted; and !
vice~versay during 1sothermal solidifhcation heat should be absorbeds We deal here {

!
with negative heat of fusion Q, the value of which equals at Ty KT X M ‘

-8-
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Q =T(an - Sa°1>= wRTeln2

At the came temperabures 8 peculiar dependenee of pregpoure on temperature obtaing, &b

which phase graneition occurse According te the Glauaiuauclapeyrcn relation
dp/dr = (Sgel sliq’ (el = V1iq”?

we have

gp/dn = Reln 2/Vgo) = Vg = R 2/{v1aq = Vool) <O

It is assuned here that the 1iquid has & bigger volums than the orystal,

gtarting with certain {emperatures of the order of degrees, Siiq will be bigger
than Sgele Therefore p 88 & function of T has the form represented in figure 2»

The oxistonce of o rectilinear portion with neygetive slope at low yemporatures quali=
ratively distinguish Hed from Heh, in which portion the dependence ofponT possoases
quite 8 different character [127 (tiguxe 2,

Notice that at T & TM’ S0l tends ho zercl due to the cceurring corrolation
among the gpins in the crystol. Hore dp/dl tende to 2ero. If we consider the add.e=-
batlc solidification of He3, then as seen from figure 1 the possibiliby of ocbtalning
solid He at extromely low gemperatures of the order of 10'6 to 10~70K geens evidents
In order to achieve i, it 15 necessary Lo compress adiebatically 1iquid He? having
& temperature pelow Tq to & pressure at which golidification oeeur'S,

The condition of equallby of entropy in the solid ‘and 1iquid gbate wlll produce
4n the erystal & semperature of the order of TM (the tyansition occurs glong the

dotted line in figure 1),
The application of theymodynamic gorrelations Yo the phase gransition of liquid

o3 to the solid state asgumes that all the corresponding relaxation periods are

pmalle ¢larifieation of the realization of this apsumption requires & particular

digoussions
-9-

RESTRICTED

Declassified in Pal iti;
rt - Sanitized
Copy Approved for Release 2012/05/16 : CIA-RDP82.
: - -00039R000100160!
035-6

(12)

(13)




Declassified in Part - tized Copy Approved for 0 6 -RDP82- -
art - Sanitized
oved for Release 2012/05/ CIA-RD 39R! 35
: 82-000: 00010
0160035-6

C o hiuid Iy

The exehange effects in 1iquid He? should alge influence the nuelear magnetdem
of ua3, pecause the ¢rea orientation of nuclear epine gtope not at T~ Ty @0 in
most other perliee (eneept anrpounde of the type of ortho= or parahydrogan) , bat &b
p ~ 1% Reginning with thes¢ temperatures the nuelear magnetie moment of 1iquid
na3 in an external magnetio field ghould not be {nveraely proporti@nal o tempera=
wure [Iy, bub ahould depend on gemperature in the same way a8 the suaceptim.nty of
exchange electrond of parmagncﬁcn of the soldd oxygen type. In the liquid Ha3
model discugsed in gection 1, the nuclear magnetle auacephibiu‘by of He3 ghould be
4 ndependont of temperature at T < 1%

Finelly I ghould lika to thank Acad Le D. Landau for nis valuable connpel and
consbant attention pald to my work, and glso Vo Vo Viedimirakiy for his interesting

digeussion of certain toplocs of my worke
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B-OXIDES OF ALRALOTDS IN PLANTS
N, P Eartyaley

In recant years, Lavestigations Y Russiap and foreigm @ vorsers
astapiiahed that Noorides of alkaloida occur rather sxiensively in planta slda by=olde
with the reducad fare. while some of e Becxides are of practisad Laportance, \hels
va'ine 4180 .ies L3 the {fach thet yW-HoMul conditiom car Be aneerved vy

. date ting hem and deternining thelr contemh, Tmma, Q. P. Menishikev and O. 1. Dovedina
entaniianed hat tne wotal quantity ef akaloide ia Tractelaptins Loreikevi Mknale ¢
7 5% 1a My, 9% of wis quantity being trachelantaxing N~oxide, 7 July the totad
ontass of alxalolés i» nie piant drepd o 0.4%, Wt the alkal>ids are 2008 redurad
11 8., %0 Ve fors of trechelantasins).

1o AstereiXAng \he goantitatl® changes Bt ‘he alkeiold Beovide coriasl Se -t
saps of Seneile paatypiflics L. le, Areghiine ovtatned the vaiusd Tratad LD ADR ALLEwS
table Cranges is thw compositiea of the alxalolds take p.ase 1b che leaves of e p.ast
ae wels &0 L0 Lne riizows A% the expedas of Booxidas, vih the @ifference that in the
_eaves “hare Ls seductiet of \s quantity of Jeoxidas, whiis this quantity lacreasss 1A
the *hiscms and resches as masld A8 1,08 Lowards the ond of e vegetation peried of tne
piesh  Whes the rhilome ontary o pericd of doruanay, W-or"dee disappeas M mer
of rednied alimiolds 18 1% reacoes 2,745, The quantity «f reduced alkalaide during (™
growts period of Saamcio platypny’ius Lo small and dose aoh Tery wuth L9 compAriane Wi h
Lt of Bnoridet.

the facta cut.ined above suggest that alkalolde ure oot merely vasse natter
{i formad ap an ond product in the plam ‘s mtabolisu, put fulfill an essentisd prYlo gL

“unctl ot .
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Comtent of A alotde s Varioms Parte of Semecle Plat; 1lue Dur: DAf farent Perisda of the Plant’e Life
1k yor¥ ing b

(£ refarred te dry weight)

) parte of the plast - " Sesds
S Ocgens m:““. Stalxs Bods Flewrs
Rhisome
Piass of davelopment - g
E-oxidse Reduced B-oxides Reduced
alkaloids A
: 1.18 - = ) -
: ' 0.2 2.5 o.z2 .
Basking 1.% % - -
2.50 0.5 2.7 ozn ;97 5 .
Dudding . : - -
0.2 - -
- 3. % 0.22 1.09 k.62 .
T Newrisg - - .
W of sovk 3.8 0.26 0.% 0.10 o.18 '
g - iveess  2.T4
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